tRNAs from yeast (tRNAPhe and 4S RNA) and Escherichia coli (suIII+ tRNAITYr) have been transferred to mouse cells by means of a two-step transfer procedure [Loyter, Zakai, and Kulka (1975)1. Cell Biol. 66,292-304; Schlegel and Rechsteiner (1975) It is important to develop techniques for the injection of macromolecules into mammalian cells in order to study the biological function of such molecules under conditions which resemble the in vivo situation. Gurdon and coworkers (1-3) have shown that it is possible to inject macromolecules into the cytoplasm of large cells like the Xenopus oocyte by physical microinjection. Unfortunately this technique is difficult and laborious when applied to normal size somatic cells (4, 5) . Recently a two-step procedure has been introduced by Loyter et al. (6) and by Schlegel and Rechsteiner (7), by which it is possible to incorporate proteins into a wide range of mammalian cell types. This transfer procedure can be used with cells having receptors for Sendai virus and comprises two separate steps. The proteins are initially incorporated into red blood cells (RBCs) (8, 9) and the loaded RBCs are subsequently induced to fuse, through the action of Sendai virus, with recipient culture cells.
(2%) of the recipient cells possessed much more incorporated tRNA than the average cell when Sendai virus and loaded RBCs were used. Such cells were not found in control experiments in which tRNA uptake was induced by Sendai virus alone. It is important to develop techniques for the injection of macromolecules into mammalian cells in order to study the biological function of such molecules under conditions which resemble the in vivo situation. Gurdon and coworkers (1-3) have shown that it is possible to inject macromolecules into the cytoplasm of large cells like the Xenopus oocyte by physical microinjection. Unfortunately this technique is difficult and laborious when applied to normal size somatic cells (4, 5) . Recently a two-step procedure has been introduced by Loyter et al. (6) and by Schlegel and Rechsteiner (7) , by which it is possible to incorporate proteins into a wide range of mammalian cell types. This transfer procedure can be used with cells having receptors for Sendai virus and comprises two separate steps. The proteins are initially incorporated into red blood cells (RBCs) (8, 9) and the loaded RBCs are subsequently induced to fuse, through the action of Sendai virus, with recipient culture cells. By means of this procedure proteins such as ferritin (6) , albumin, and thymidine kinase (7) have been injected into mammalian cells. Moreover, the transfer of thymidine kinase into a thymidine-kinase-deficient cell line by this procedure can result in a correction of the metabolic deficiency of these cells (7) .
Our aim in using this technique has been to develop an in vwo system that could be used to assay the presence of nonsense mutations in mammalian cells, through the injection of yeast suppressor tRNAs. We describe here experiments in which defined species of tRNA derived from yeast or Escherichla coli Abbreviations: Buffer Na, 160 mM NaCI, 20 .. times in BSS and resuspended in 160 mM NaCl, 20 mM N-[tris(hydroxymethyl)methyl]glycine (Tricine), pH 7.4 (buffer Na), or diluted with buffer Na and used directly for cell fusion.
Cell Fusion. A thymidine-kinase-deficient derivative Cl-1D derived from the LM subclone of C3H mouse cells (16) was used throughout these experiments. Cells were maintained in Eagle's minimal essential medium (MEM) with 10% calf serum and antibiotics (penicillin, 100 IU/ml; streptomycin, 50 ,g/ml). Cell fusion was carried out essentially as described by Loyter et al. (6) . Cl Fingerprinting. Samples for fingerprinting were processed in the same way as the samples for gel electrophoresis but not dried. They were digested with T1 RNase and the digestion products were separated by two-dimensional fingerprinting techniques (18, 19) .
RESULTS

Transfer of yeast 125I-tRNAPhe to mouse cells
With the procedure described for incorporating labeled tRNA into rabbit RBCs, about 10% of the total input of labeled tRNA was generally taken up by the RBCs. In one typical experiment that utilized 43 X 106 cpm of l25I-tRNAPhe, 4 X 106 cpm became incorporated into RBC ghosts. l25I-tRNAPhe-loaded RBCs were fused with mouse cells and after fusion the cells were recovered by centrifugation, resuspended in MEM, and seeded on glass coverslips in petri dishes. Six hours later the slides were washed twice with 0.83% NH4Cl to eliminate remaining RBCs. Complete lysis of the loaded RBCs was confirmed by microscopic examination of the cultures. The slides were counted directly and subsequently covered with autoradiographic emulsion and exposed. A control experiment in which the tRNA-loaded RBCs were substituted by an equivalent amount of l25I-tRNAPhe (4 X 106 cpm) was also analyzed as described above. Autoradiographic analysis of cells from these experiments clearly demonstrated transfer of 125I-tRNAPhe to mouse cells despite the omission of the loading step (Fig. 1A, B , and C), in agreement with the results of Tanaka et al. (20) , which show that human fibroblasts will incorporate phage T4 endoCell Biology: Kaltoft et nuclease V when incubated with this enzyme in the presence of Sendai virus. However, we find that the amount of tRNA transferred is four times higher (as determined both by direct counting of the slides and grains on the exposed autoradiograms) using the RBCs as a vehicle for the injection (Fig. 1D 6 hr of incubation at 370 the cells in suspension were spun down and the supernatant was saved. The cells in monolayer were washed once with medium and twice with 0.83% NH4Cl to lyse remaining RBCs, and finally washed twice in Hanks' salt solution. RNAs extracted from these samples were analyzed by formamide polyacrylamide gel electrophoresis followed by autoradiography of the dried gels. Fig. 3a and b corresponds to the control 4S RNA and to the RNA extracted from the loaded RBCs, respectively; Fig. 3c and d shows the RNA extracted from the supernatant after termination of fusion and the supernatant after 6 hr further incubation. Fig. 3e and f shows the RNA extracted from the NH4C1 wash and the remaining mouse cells in monolayer, respectively. Approximately 50% of the 4S RNA transferred to mouse cells remains intact (Fig. 3f) , and this corresponds to about 0.2% of the total input of tRNA used to load the RBCs. This fraction represents a minimal estimate for the transfer efficiency, since some degree of lysis of mouse cells could not be avoided in the NH4Cl washing step. We also believe that the small fraction of intact 4S RNA present in the NH4C1 wash (Fig. 3e) (24) (25) (26) and in their viruses (27) . Recently Secher et al. (28) have demonstrated that mRNA from one mutant myeloma cell line synthesizing a shortened immunoglobulin H chain could be made to synthesize a longer H chain in vitro in the presence of a UAA ("ochre") suppressing tRNA from yeast. We believe that the present method for transferring tRNAs to cells can be used as an in vivo assay for the existence of nonsense mutations in eukaryotic cells.
